The article attempts to test the aluminum consumption-economic growth nexus for 20 rich economies for the period 1970-2009. Various panel data unit root and cointegration tests are applied. The series are found to be integrated of order one and cointegrated, especially after controlling for cross-sectional dependence. Moreover, the Blundell-Bond system generalized methods-of-moments is employed to conduct a panel causality test in a vector errorcorrection mechanism setting. Unidirectional causality running from aluminum consumption to real GDP is uncovered in the short-run, while real GDP is found to Granger-cause aluminum consumption in the long-run. Moreover, a 1% increase in real GDP generates an increase of 0.44% in aluminum consumption in the long-run for the whole panel.
INTRODUCTION
Aluminum is one of the most important materials used today. AluminumÕs strength, lightness, and malleability have led its increased applications in various sectors such as building, transport, and household. Such material is used in the manufacturing of frames, doors, railways, cars, cooking utensils, electrical appliances, etc., and has countless applications. The aluminum industry consists of four main areas of activity: bauxite mining, alumina refining, aluminum smelting, and fabrication/semifabrication of final products. However, the industry is extremely energy-intensive and its activities raise significant environmental concerns such as the creation of greenhouse gases (GHGs). First, using bauxite to produce alumina involved the discarding of chemical wastes (e.g., caustic soda) in landfills. GHGs and particles from boilers result from the production of alumina (Menzie et al. 2010) . The processing of alumina to aluminum metal occurs in smelters via the Hall-Heroult process. This typically involves the dissolving of alumina in a bath of molten cryolite and transmitting an electric current through the solution, via a carbon anode and a carbon-lined metallic cathode. In addition to the enormous amount of electricity consumed, this process leads to the release of significant amounts of GHGs including perfluorocarbons: tetrafluoromethane (CF 4 ), hexafluoroethane (C 2 F 6 ), and carbon dioxide (CO 2 ) emissions (Turton 2002) .
The consumption of a metal such as aluminum can be considered intrinsically linked to the level of economic activity. From the policymakerÕs standpoint, it is vital to address the environmental issues emanating from the manufacture of aluminum and to discern whether any policy prescriptions will adversely affect economic activity levels. Furthermore, the price of aluminum necessarily dictates consumption of the material. Imposing a carbon tax scheme on smelters will eventually lead to an increase in aluminum prices as the cost of production rises. This can have an adverse effect on economic growth. This article presents the first study of the link between aluminum consumption and economic growth using panel data from 20 rich countries 3 over the period of . Demand for aluminum in high-income economies is more substantial than in low-or middle-income ones and any policies dealing with the aluminum industry are bound to have a more significant impact on economic growth and vice versa. Thus far, the literature has focused on cross-sectional or time-series studies. Refined aluminum consumption data are obtained from the World Bureau of Metal Statistics (various years), while those of real gross domestic product (GDP, at constant 2000) are gathered from the World Development Indicators CD-ROM (2011).
The remainder of this article is organized as follows: ''Review of Literature'' section reviews the literature. ''The Testing Framework'' section discusses the testing framework, which involves a threestage procedure (Ghosh 2006) to test for any causality between the two variables. In the first stage, various panel unit root tests are performed to identify the order of integration of the two series. Depending on the results of these tests, the second stage consists of investigating any long-run relationship between the two series. Various panel cointegration tests will be conducted. Conditional on the outcome of the second stage, the third stage will consist of carrying out a panel vector error-correction mechanism (VECM)-based causality test using the two-step system generalized methods-of-moments (GMM) approach. The empirical results show strong evidence of a long-run relationship between aluminum consumption and economic growth and, a long-run causal effect of economic growth on aluminum consumption is also uncovered. ''Conclusion and Policy Implications'' section concludes and discusses the policy implications of this study.
REVIEW OF LITERATURE
The literature on the link between metal consumption and economic growth remains relatively sparse. Tilton (1989) analyzes six industrial metals in the OECD, the US, Japan, and the EEC over two periods, 1960-1973 and 1973-1985 . Metal consumption in these regions is found to be stimulated by increased economic activity. Roberts (1990) forecasts the US steel consumption up to 2010 using data over the period . He notes the importance of the gross national product in determining metal use. Labson and Crompton (1993) analyze the link between five industrial metals and income for the US, UK, Japan, and OECD for the period of 1960-1987. However, they offer little evidence to support the presence a long-run link between the two variables.
Recently, Ghosh (2006) has examined cointegration and Granger causality between steel consumption and economic growth in India for the period beginning in 1951-1952 and ending in 2003-2004 through a vector autoregression (VAR) structure. He does not find evidence of cointegration but he discovers the existence of a unidirectional causal effect of economic growth on steel consumption. Huh (2011) studies the short-and long-run causal links between steel consumption and economic activity in Korea over the period of 1975-2008 using VECM and VAR models. Using disaggregated data, he uncovers a long-run relationship between total steel consumption and GDP. Furthermore, a unidirectional causality running from GDP to total steel consumption is detected. Evidence of a long-run bidirectional causality between flat products consumption and manufacturing GDP is also found. Next, flat products consumption is found to have a long-run relationship with steel-consuming industries such as the automobile, shipbuilding, and fabricated metal product industries, but with mixed causal directions, depending on variable pairs. According to his study, steel and steel-consuming industries are expected to have a significant impact on economic growth.
THE TESTING FRAMEWORK
To investigate whether economic growth has an impact on aluminum consumption the following reduced-form equation can be estimated:
where LALC it denotes the natural logarithm of refined aluminum consumption (in metric tonnes) for country i over year t.
LGDP it measures real 3 The time frame and the selection of countries are purely dictated by the availability of data. The rich economies follow the classification of the World Bank (at http://go.worldbank.org/ K2CKM78CC0).
income or economic growth and denotes the natural logarithm of GDP (at constant 2000) for country i and year t. b 0 is the constant term. b 1 illustrates the income elasticity of aluminum consumption for the panel as a whole group of 20 high-income countries. The resulting elasticity may not coincide with the elasticity at individual levels. If b 1 >1, this depicts a high responsiveness of aluminum consumption to changes in income. A rise in real GDP leads to a more than proportionate rise in aluminum consumption. Aluminum is deemed to be a luxury good. If 0<b 1 <1, then a rise in real GDP leads to a less than proportionate rise in aluminum consumption. Aluminum is deemed to be a normal good. If b 1 <0, then a rise in real GDP leads to a fall in aluminum consumption. Aluminum is deemed to be an inferior good. e it is the error-term. Table 1 shows the trends of LALC it and LGPD it over selected years.
Panel Unit Root and Cointegration Tests
Preliminary tests such as unit root and cointegration tests are necessary before carrying out a panel VECM-based causality test. Practically, most of the panel unit root tests are based on an augmented Dickey-Fuller (ADF 1979) unit root test type:
where Dy it ¼ y it À y itÀ1 , t is the time trend, k is the lag length, and e is the error-term. If the null hypothesis (H 0 ) is accepted (i.e., H 0 : q _ ¼ 0Þ; then the series is non-stationary. The unit root tests used are Levin, Lin, and Chu (LLC 2002) , Im, Pesaran, and Shin (IPS 2003) , Hadri (2000) , Im, Lee, and Tieslau (ILT 2005) , and Pesaran (2007) tests. These tests exhibit some statistical shortcomings in terms of size and power properties. To present robust evidence about the order of integration of the series, it is therefore more practical to perform several tests before reaching a conclusion.
Next, if both series are non-stationary and integrated of the same order, panel cointegration tests can be performed. Nyblom and Harvey (NH 2000) put forth a test of common trends where H 0 is the stationarity of the series around a deterministic trend, where there exists k<n common trends (where rank (Rg) = k), against the alternative of a random walk component occurrence where there LGDP LURB 1970 LURB 1995 LURB 2009 LURB 1970 LURB -2009 LURB 1970 LURB 1995 LURB 2009 LURB 1970 LURB -2009 LURB 1970 LURB 1995 LURB 2009 LURB 1970 LURB -2009 exists more than k common trends (where rank (Rg)>k). In addition, Pedroni (1999 Pedroni ( , 2004 The two cointegration tests assume crosssectional independence in the error-term. Such an assumption is unlikely to hold in practice. Westerlund (2007) suggests four panel tests of the H 0 of no cointegration, which allows for cross-sectional dependence. The panel tests denoted by Gt and Ga are performed under the alternative hypothesis of panel cointegration, while Pt and Pa are performed under the alternative hypothesis that at least one element of the panel is cointegrated. The H 0 of no cointegration which assumes that the error-correction term in a conditional error-correction model is equal to zero is tested. If the H 0 of no errorcorrection is supported, the H 0 of no cointegration is accepted. If the series are cointegrated, causality should run in at least one direction (Engle and Granger 1987) .
The panel unit root tests are performed with two different regressions. One regression includes a constant term only, while the other contains both a constant term and a time trend. A macroeconomic series typically exhibits a trend over time and is nonstationary. It is thus more appropriate to consider a regression with a constant and a trend at level form. First-differencing can be used to remove any deterministic trends in the series. Hence, regressions should contain a constant term only. For the sake of comparison, both deterministics are computed. Failure to test for a unit root and cointegration can lead to spurious results. This underlines the importance of performing these vital tests. Let a timeseries variable, say LALC t , be integrated order of d, i.e., LALC t $ I(d), if it were to be differenced by d times to become stationary.
The ADF unit root statistics for individual countries are reported in Tables 2 and 3 . The series tends to support the above-discussed a priori expectation regarding the order of integration expected for Belgium, New Zealand, Sweden, Switzerland, and the United Kingdom. The series for these countries are found to be non-stationary. One major problem arising with time-series tests is the lack of observations over reasonably long periods. As argued by Toda (1995) , even 100 observations are not enough to ensure good performance of the time-series tests. These are as a consequence subject to the criticism of low power. One solution is to apply panel data tests which allow for a sizeable increase in testing power of the framework.
In Table 4 , the LLC test statistics for both series are presented, where LALC it $ I(0) and LGDP it $ I(1). However, the LLC assumptions are restrictive. The test is based on the assumption of homogeneity in the autoregressive of order one (AR (1)) coefficients of the ADF specifications. Other tests, controlling for heterogeneity, structural break or cross-sectional dependence are essential to truly evaluate the order of integration of LALC it and LGDP it . According to Banerjee et al. (2004) , cross-sectional dependence biases the panel data unit root tests towards the alternative hypothesis. The degree of cross-sectional dependence can be studied by examining the pair-wise correlations between changes in the variables (Koedijk et al. 2004 ). The pair-wise correlations of the first-differences in two series are generally positive and rather large.
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For instance, the pair-wise correlation of DLALC it between Austria and Italy is 0.5328 and for Belgium and Switzerland, it is 0.59593. The pair-wise correlations of DLALC it range from À0.0890 to 0.9093. In addition, the pair-wise correlation of DLGDP it between Denmark and the Netherlands is 0.5487, while the correlation coefficient between France and Spain is calculated to be 0.7943. The pair-wise correlation of DLGDP it ranges from À0.0619 to 0.8434. Therefore, cross-sectional dependence has key implications for the testing framework.
IPS (2003) and Hadri (2000) both recommend a test which allows for heterogeneity between groups. Their tests control for cross-sectional dependence using demeaned data. The IPS test has low power in panels with small T (Karlsson and Lö thgren 2000) , while the reverse is true for the Hadri test (Barhoumi 2005) . As shown in Table 5 , the IPS generates similar results to the LLC concerning the order of integration. The Hadri test statistics are reported in Table 6 . These show LALC it $ I(1) while LGDP it is integrated of an order higher than one. Following Caner and Kilian (2001) , unit root tests for the H 0 of stationarity tend to have serious size distortions when the H 0 is close to the alternative of a unit root. Moreover, Choi (2001) argues about the loss of power of the LLC and IPS tests when a linear trend is included and proposes some alternative tests. Referring to especially the Z and L* statistics in Table 7 , both series tend to be I(1). Furthermore, endogenous structural breaks can cause a loss in power to reject a unit root even if the trend stationarity alternative is true (Perron 1989) . ILT (2005) present a test to account for endogenous structural breaks. As reported in Table 8 , both variables are I(0).
However, all these first-generation tests tend to suffer from size distortions and have low power in the presence of cross-sectional dependence (Herwartz and Siedenburg 2008) . This can lead to incorrect inference. The IPS, Choi, and Hadri tests control for cross-sectional dependence using demeaned data. Assuming the existence of one common factor with the same effect on all the individuals and as such is rather restrictive. Furthermore, according to Strauss and Yigit (2003) , the demeaning of data may not get rid of the size problem. Even the ILT test fails to efficiently allow for cross-sectional dependence as occurs with the test of IPS, Choi, and Hadri. Pesaran (2007) proposes a second-generation test which allows for the presence of more general cross-sectional dependence patterns. To control for cross-sectional dependence, the standard ADF regression models are augmented with the cross-section averages of lagged levels and first-differences of the individual series. This test is based on the averages of the individual cross-sectionally augmented ADF (CADF) statistics and is found to have good size and power properties even when N and T are relatively small. As reported in Table 9 , both variables are found to be I(1). Cointegration tests can be carried out. To select the order of lag q, we start with a maximum lag length of three and pare it down as per the Akaike Information Criterion (AIC).
There is no general rule on how to choose the maximum lag to start with. The bandwidth and maximum lag length are chosen according to the Bartlett kernel which is equal to 4(T/100) 2/9 % 3, where T = 40 (Basher and Westerlund 2008) . The MacKinnon (1991) one-sided critical values for the ADF unit root tests with a constant and without a time are À3.682, À2.972, and À2.618 at 1, 5, and 10% significance levels, respectively, while those with a constant and a time trend are À4.279, À3.556, and À3.214, respectively. Source Computed. *, **, and à denote 1, 5, and 10% significance levels, respectively.
In Table 10 , the NH panel cointegration test statistics are computed under both the independent and the identically distributed (iid) random walk (RW) errors (NH-t) and the serially correlated residuals (NH adj-t) assumptions. H 0 of no cointegration is rejected under both specifications. Subsequently, the Pedroni cointegration test statistics are computed and presented in Table 11 . All these test statistics reveal a clear rejection of H 0 . Nonetheless, analogous to panel unit root tests, panel cointegration tests can also be affected by the prevalence of crosssectional dependence. The Westerlund cointegration test can effectively control cross-sectional dependence through bootstrapping. This can be considered as a second-generation cointegration test. Table 12 indicates a rejection of H 0 when referring to the Gt and Pt statistics. In general, a long-run relationship between LALC it and LGDP it is confirmed. 
Panel VECM-Based Causality Test
Next, any causal relationships between refined aluminum consumption and economic growth are investigated. The key question for determining causal relationships is whether income boosts aluminum consumption or aluminum consumption itself is a stimulus for economic growth via indirect channels of effective demand or supply. One of these channels 5 can be the degree of urbanization. For instance, as urban centers grow, the demand for more housing tends to rise, and this in turn boosts infrastructural demand for goods such as pipes for water, window frames, electricity cables, etc. (Farooki 2010) . Thus, the level of urbanization can affect aluminum consumption. However, urbanization can also be connected to economic growth. According to Abdel-Rahman et al. (2006) , nations with highly developed infrastructure and advanced technology will tend to be highly urbanized. Urbanization can be used as an instrumental variable (IV) to capture any indirect channel. Table 1 describes the trend of the natural logarithm of population density (LURB) across countries.
Understanding how a change in economic growth affects aluminum consumption is vital in policy formation. It is therefore necessary to examine any causal relationship between these two variables. channel of causality can be investigated by testing the significance of the ECTs. This test is known to as the ''long-run Granger causality'' tests. The direction of causality between aluminum consumption and economic growth has significant policy implications. If there is no causality, then adopting a conservative resource policy measures to limit the consumption of aluminum can be implemented, without the concern of negatively impacting on economic growth. A fall in aluminum consumption can lead aluminum smelting industries to cut down production. This will eventually cause a reduction in the exploitation of natural resources and environmental degradation. This will cause a decline in the utilization of energy, such as electricity. If causality runs from economic growth to aluminum consumption, then environmental and resource policies can be implemented. For instance, The Pesaran CADF test of the H 0 of non-stationarity is based on the mean of individual DF (or ADF) t-statistics of each unit in the panel.
To remove the cross dependence, the standard DF (or ADF) regressions are augmented with the cross-sectional averages of lagged levels and first-differences of the individual series (CADF-statistics). Critical values for the t-bar statistics without and with trend at 1, 5, and 10% significance levels are À2.360, À2.200, and À2.110; and À2.850, À2.710, and À2.630, respectively. Assuming cross-sectional dependence and T is the same for all countries. The normalized Z test statistic is computed using the t-bar statistics. The Z test statistic is compared to the 1, 5, and 10% significance levels with the one-sided critical values of À2.326, À1.645, and À1.282, respectively. Source Computed. The H 0 of the test is no cointegration (H 0 : rank(var-cov) = K = 0) against the alternative hypothesis of cointegration (H 1 : rank(varcov) = K " 0). H 0 : 0 common trends among the 36 series in the panel. NH-t the test is performed under the hypothesis of iid errors, NH adj-t errors are allowed to be serially correlated and the test is performed using an estimate of the long-run variance derived from the spectral density matrix at frequency zero. The number of lags of the non-parametric adjustment for long-run variance is equal to 2. No model needs to be estimated as the test is based on the rank of covariance matrix of the disturbances resulting from the multivariate random walk. Critical values for the t-bar statistics without and with trend at 1, 5, and 10% significance levels are 5.1142, 4.4957, and 4.1794; and 1.8425, 1.5798, and 1.6651, respectively. Source Computed.
carbon taxes and tariffs can be imposed on the aluminum smelting industries. These policies will have no impact on economic growth. However, if a unidirectional causality running from aluminum consumption to economic growth exists, then resource conservation policies will have an adverse impact on economic growth. Conventional ordinary least squares (OLS), fixed-effects, or even random-effects methods tend to yield biased results due to the correlation between the lagged dependent variables and the errorterms. In order to specify the correlation and endogeneity problems, Arellano and Bond (1991) propose a two-step difference GMM method. In the first step, the residuals are assumed to be independent and homoskedastic. In the second step, the first step residuals are used to build consistent inference of variances and covariances matrixes while the former assumptions are relaxed. For the instruments to be valid there should not be serial correlation in e 1 and e 2 . The optimal lag length, q, is selected until no serial correlation is found in the residuals. For disturbances to be serially uncorrelated there should be evidence of significant negative first-order serial correlation and no evidence of second-order correlation in the differenced residuals. However, the Arellano-Bond two-step GMM procedure does not work well internal instruments. When the lag of the dependent variable and the explanatory variables is persistent over time, lags of the levels of these variables are weak instruments for the equation in differences (Alonso-Borrego and Arellano 1999; Blundell and Bond 1998) . Arellano and Bover (1995) and Blundell and Bond (1998) advocate the two-step system GMM estimator because it has superior finite-sample properties. This estimator is a linear combination of the levels and differences and the weight specified to the levels estimators grows in the event of weak instruments due to high persistency in the series. In the presence of heteroskedasticity and serial correlation, the two-step GMM employs a consistent estimate of the weighting matrix, exploiting the residuals from the one-step estimator (Davidson and Mackinnon 2004 ). The former is more efficient than the one-step estimator. Yet, the former converges slowly to its asymptotic distribution, while its standard errors tend to be biased downwards for finite samples, in contrast to the one-step estimator. A solution is to use the finite-sample correction to the two-step covariance matrix (Windmeijer 2005) . Thus, the two-step approach can still be considered.
The two-step system GMM allows for the use of IVs. Population density is used as a proxy to capture the level of urbanization (Hong and Chin 2007) . In addition, time dummies are also employed as IVs to (Docquier et al. 2011) . Thus, the number of instruments used is set to 20, which is equivalent to the number of groups in the panel.
As shown in Table 13 , negative first-order serial correlation in the disturbances is discovered in the first-differenced residuals. No second-order serial correlation is established. These results imply an absence of autocorrelation among disturbances. As per the above discussion, the lag order q of the panel VECM-based causality tests is computed to be one. The Hansen test statistic for the aluminum consumption equation is 0.296, while for the economic growth equation, it is 0.232. These generally adhere to the proposition of Roodman (2009) , whereby the telltale sign of valid instruments is a high p value of the Hansen J statistic of 0.25. The H 0 of valid instruments in use is therefore accepted. It is equally essential to check the validity of subsets instruments at levels and differenced instruments. The difference-in-Hansen test of exogeneity is conducted under the null that the instruments in use are proper instruments, i.e., they are exogenous. The test assesses the system GMM with and without a subset of instruments to allow investigation about the validity of such subset of instruments, while considering their contribution to the rise in the Hansen J test statistic. These are denoted as the ''Hansen Test Excluding Group'' and ''Difference (null H = exogenous),'' respectively, under specific sub-headings. The H 0 of exogeneity of any system GMM instruments, used such as levels and differenced instruments, cannot be rejected.
Unidirectional causality running from aluminum consumption to economic growth is uncovered in the short-run, while economic growth is found to Granger-cause aluminum consumption in the longrun. A change in economic growth has an impact on aluminum consumption for individual high-income countries such as Australia, Austria, Belgium, etc., as well as for the panel as a whole in the long-run. The model is estimated by the two-step system GMM. The robust standard errors are in parenthesis while p-values are in square brackets.
The log of population density and time dummies are used as ''IV'' instruments. These are not part of the VECM structure (e.g., Mileva 2007) . The explanatory variables are assumed to be endogenous and their lags are instrumented in GMM-style (Roodman 2006) .
Having determined the direction of the causal effects, the long-run impact of income elasticity of aluminum can next be estimated.
Long-Run Elasticities
Long-run elasticities can be obtained by means of either the fully modified OLS (FMOLS) or dynamic OLS (DOLS) panel data techniques which control for endogeneity, autocorrelation, and heteroskedasticity of residuals. The DOLS tends to outperform the FMOLS estimators in term of mean biases (Kao and Chiang 2000) . For comparison purposes, both estimators are computed. Given evidence of cross-sectional dependence, the models include common time dummies (Pedroni 2001) . As reported in Table 14 , the income elasticities computed by the panel FMOLS and DOLS are quite similar. These are 0.45 and 0.44, respectively. In effect, aluminum is a necessity in the long-run.
CONCLUSION AND POLICY IMPLICATIONS
The article attempts to examine the link between aluminum consumption and economic growth for 20 rich countries over the period of . Two generations of panel unit root and cointegration tests are applied. Both series are found to be I(1) cointegrated especially after controlling for cross-sectional dependence. A panel causality test in a VECM setting is next conducted using the Blundell-Bond system GMM. Unidirectional causality from aluminum consumption to real GDP is found in the short-run while real GDP is found to Granger-cause aluminum consumption in the long-run.
Moreover, a 1% rise in real GDP causes a 0.44% rise in aluminum consumption in the long-run for the whole panel.
The prevalence of a long-run causal effect running from economic growth to aluminum consumption and a positive long-run income elasticity points to the importance of economic growth in driving the demand for aluminum. The absence of feedback effects reveals the importance of growth of real income in stimulating the demand for aluminum. These results are consistent with those of Ghosh (2006) and Huh (2011) . In similar fashion, they have important implications for environmental and natural resource policies. For instance, various market actors and stakeholders can use these findings to make long-run assessments of aluminum consumption which is intrinsically linked with economic growth.
The aluminum sector is facing major challenges. Many smelting industries rely on power plants producing electricity via carbon-intensive input materials such as coal. There is thus a pressing a need for some form of government intervention. While the imposition of a carbon tax may be a solution to these ecologically harmful manufacturing practices, this can lead to smelter redundancy due to the rise in production cost. Job losses are another potential outcome.
6 Although the effect of a fall in aluminum consumption arising from a carbon tax may have only short-run impacts, policies should be enacted to preserve the future of the industry. For instance, many high-income countries, such as the European Union (EU) members, have decided to introduce stricter CO 2 emission requirements for automobiles (T&E 2009) , which may cause an increase in the demand for aluminum in the future. Aluminum is much lighter than steel, and this would enable cars to reduce fuel consumption and to emit less GHG emissions. It remains one of the most environmentally friendly metals and its recyclability is unlimited.
7 Government actions should therefore target the relevant externalities as precisely as possible.
